If one approaches human function from a comparative standpoint far more basic light can be thrown upon it than by concentrated studies carried out on man himself without reference to his forebears in the evolutionary scale. A study of the monkey is also quite meaningless so far as the rest of the animal kingdom is concerned, unless a given function in one species is compared with the corresponding studies on forms occupying differing positions in the animal scale . . .
In some instances the comparative anatomist seeks not the continuity of development within the immediate forebears of man. The key to a complex mammalian structure may come from a study of distant forms where the general plan of organization is less obscured. An example of this is the recent studies of the cerebellum by Larsell, Dow, and Fulton. In other instances structures which are atavistic or overshadowed in man are profitably studied in lower animals, e.g., the study of the olfactory system by Herrick. Still arother example consists of taking advantage of "nature's experiments" by studying the changes in the nervous system resulting from some specialization of body form. The present experiments fall into the latter category.
In the present work we are especially concerned with the problem of functional segmentation as manifested at various levels in the peripheral and central nervous svstems. The central nervous system of the vertebrate is developed embryonically from the neuromeres and the musculature from the myomeres. In the adult state the segmental organization of the spinal cord is well preserved both in the structural arrangement and in the functional activity as manifested by segmental reflexes. In the brain-stem the segmental organization is still present, though it is not so clear as in the spinal cord. The cerebral cortex and the cerebellum, although suprasegmental structures, are in a sense segmentally organized. In fact, the most significant studies of the brain in recent years have been concerned with the details of segmental function of the cerebellum and cerebral cortex. The topographic projection of somatic, visual, and auditory afferents upon the thalamus, and in turn upon the cerebral cortex, has been revealed by Brouwer, Polyak, Le Gros Clark, and by A. E. Walker. In the postcentral gyrus o;f the cerebral cortex, especially areas 3-1-2, Woolsey, Marshall, and Bard26 demonstrated a dermatomal representation of somatic sensation. The motor representation of different parts of the body in an orderly manner in the precentral gyrus is well known. The segmental representation in the cerebellum is not known in detail, but the work of Connor,2 Snider,22 and Adrian' proves its existence. In the case of the sensory system, it is clearly the segmental dermatomic arrangement of the spinal cord which determines the orderly topographic organization of spinal tracts, dorsal column nuclei, thalamic nuclei, and cerebral projection areas.
In higher animals the segmental plan of the extremities is largely obscured during embryonic development. On the other hand, the least modified myotomes, such as the intercostal muscles and the abdominal muscles, are poorly represented at the higher neural levels. In this respect the spider monkey is a unique experimental subject, because it possesses a highly evolved nervous system and a structurally segmented and yet functionally well-developed organthe prehensile tail.
Taxonomically speaking, the spider monkeys, Ateles, belong to the Family CEBIDAE of the PLATYRRHINI, or New-World monkeys.
This is not the place to give a detailed dassification of the primates, but for the better understanding of the evolutionary position and the taxonomical standing of this animal a brief description of the grouping of the monkeys is desirable. The spider monkey is a member of CEBIDAE and its taxonomical standing is shown in -the following scheme (Zuckerman and Ateles geoflroyi Kuhl-Geoffroy's spider monkey Ateles fusciceps Gray-brown-headed spider monkey Ateles hybridus I. Geoffroy-hybrid spider monkey All species of Ateles are characterized by the presence of a long and prehensile tail with modified skin at the undersurface of the distal end. Another characteristic of this genus is an absent or rudimentary thumb, hence the generic name "Ateles" which is derived from the Greek ATEX'XO-, meaning incomplete. The vulgar name "spider monkey" derives from the characteristic slender, elongated, and flexible extremities, and the small bulbous body. It has been thought that the absence of the thumb is advantageous to the animal as it moves through the forest permitting it to grasp large limbs which could not be grasped by opposition of a short thumb and fingers. Its tail is unsurpassed in its flexibility and motility by that of any other animal. Its development as a prehensile organ has attained such a degree of perfection in motor and sensory capacities that it has been called the fifth hand. The tip of the tail can grasp with an unmistakable sureness anything it may touch. This animal can seize with its long tail objects which are not within reach of its mouth or hands. The animal often suspends itself from a bough by its tail leaving both hands and feet free for other uses. In his Voyage of the H. M. S. Beagle, Charles Darwin3 relates an incident of a "howler," a kin of the spider monkey, which hung head downward from the tree-top by its prehensile tail even after being shot, and whose body could not be reached without felling the tree. Wallace states that two spider monkeys were seen to join together by their hands and prehensile tails to form a bridge for their young ones to pass over. Many other legendary stories have grown up about the spider monkey, some of which are described by Gudgerunder the title The myth of the monkey chain. cer6braux des primates,8 followed shortly by Huxley's paper On the brain of Ateles paniscus"1 in 1861. In 1866 W. Krause,13 the discoverer of the cold end-bulbs, described sense organs in the specialized skin of the tail of the spider monkey. In the summer of 1864 Professor von Seebach, while on a geological expedition to Central America, secured a spider monkey and presented its tail tio Krause on returning to Germany. The tissue, which had been preserved in spiirit, was in good condition for histological preparation. Krause found in the tips of the papillae of the skin of the tail-pad abundant, peculiar, tactile corpuscles, closely similar to the tactile corpuscles in the palm of the Old-World monkeys. Toward the end of the nineteenth century and during the early years of the present century, specimens of Ateles were included in several collections of comparative anatomical materials. third paper the lamination of the dorsal column system and the cytoarchitecture of its nuclei are discussed with special reference to the contributions from the caudal segments. The fourth paper on the spinocerebellar system is devoted to three neglected or disputed issues: (1) the termination of the ventral spinocerebellar fibers in the lingula of the cerebellum, (2) the homologue of Clarke's column in the caudal region of the spinal cord, and (3) some non-cerebellar components of Flechsig's fasciculus. In the fifth paper the topographical termination of the spinothalamic tract as outlined by Le Gros Clark and A. E. Walker is confirmed and evidence of spinothalamic fibers crossing in the posterior commissure is presented and discussed in relation to the problem of ipsilateral sensory representation. A hitherto unrecognized contribution from the spinal cord to the ventral supraoptic decussation of von Gudden is described in paper VI. The final paper is devoted to a series of experments designed to assay the degree to which segmentation is manifested at a cortical level. By recording myographically from the limb muscles while stimulating the leg area of the motor cortex millimeter by millimeter, the analysis of the topographical organization of the motor cortex is pushed a step beyond that possible in previous experiments in which responses were observed visually and the activity of individual muscles inferred from movement.
